ABSTRACT
INTRODUCTION
Scalp and forehead are the anatomical regions where nonmelanoma malignant skin tumors are commonly seen due to direct sun exposure. After surgery for non-melanoma malignant skin tumors located in scalp and forehead, many complex defects can develop, ranging from sole skin defects to deep defects in which bone and dura mater are opened. Co-morbid diseases that are prevalent in patients with nonmelanotic skin cancers as a result of their advanced age as well as adjuvant radiotherapy complicate reconstructive efforts after surgery in both regions. Reconstruction of the patients scheduled for radiation is controversial and radiotherapy is usually left after reconstruction (16) .
Lower soft tissue laxity and presence of hair follicles in hairy skin make defect reconstruction complex. Blood supply of hairy skin comes from external and internal carotid artery systems. Supratrochlear artery and supraorbital artery that are the terminal branches of ophthalmic artery branching off internal carotid artery, which also supply the forehead region, as well as superficial temporal artery, posterior auricular artery, and occipital artery that are branches of external carotid artery supply hairy skin. The plexus formed at the subdermal plane provides this region with a richer circulation compared to other parts of human body. Care should be taken not to injure this vascular network during local flap use.
In the forehead region, that is important for an aesthetic look, care should be taken not to damage eyebrow lines and the hair line starting from the frontal region. The frontal hair line is straight in women while it is a straight line in frontal region but turns into a convex line in temporal regions in men. The eyebrows are located on the supraorbital rim medially in women and men, and it ends at the level of lateral cantus as a straight line in men. In women, on the other hand, the eye brows start from medial side, peak at the level of lateral limbus, and terminate at the level of lateral cantus (16) .
Depending on defect's localization and type, there are different reconstruction options for the defects on hairy skin and forehead, including allowing secondary healing, primary closure, vacuum-assisted closure, local flap use, closure via expander applications, and closure with free flap. Before using any of these methods, the defect should be completely cleared from tumor (5, 7). In small defects ( Figures  1-4) , primary closure or, in cases with preserved periosteum, allowing secondary healing and closure with skin grafts are the preferred closure methods (6,18). In cases where periosteum is absent and the bone is exposed, boring a hole with a drill in the bone until the diploic layer and skin grafting after formation of granulation tissue is another option (3). Single or multiple rotation flaps and distant pedicle flaps are used in moderate-sized defects (1, 9, 13). Latissimus dorsi, trapezius, and pectoral pedicled myocutaneous flaps may also be used in lateral and occipital scalp (11, 12) . A long reconstruction time and a high complication rate have reduced expander use but it is an aesthetically useful technique (2) since it gives better results with skin color and texture harmony. Free flaps are an excellent option for the reconstruction of large defects since the procedure can be complete in a single session and these flaps provide the necessary amount of tissue (6). However, they also have disadvantages including a long operation time, possibility of flap loss, and containing no hair follicle (4).
The aim of the present study was to assess the outcomes and complications of the defect reconstruction techniques and compare their relative efficacy after surgery for non-melanotic malignant tumors of scalp and forehead in 43 patients.
MATERIAL and METHODS
This study examined 43 patients who presented to the Department of Plastic Surgery in Ankara Numune Training and Research Hospital and were diagnosed with nonmelanoma malignant tumors of scalp and forehead between 2006 and 2013. Patients with frontal sinus and orbital tumor invasion were excluded. Medical records and photographs of the patients were reviewed. Demographic properties, occupational information, history of any illness, co-morbidities, pathology results, follow-up data, and outcomes were analyzed. The number of operations, the operation techniques applied, the number and the type of complications (if any) of free tissue transplantation were also investigated.
Among patients operated with an initial diagnosis of nonmelanotic malignant tumor, those with no bone infiltration as demonstrated by computed tomography (CT) underwent tumor excision, including periosteum, with a 1 cm safety margin. The bone biopsy specimens taken from the lesion floor were sent for frozen examination. Patients with a negative frozen examination underwent reconstruction at the same session. A full thickness bone resection was carried out and the resulting defect was reconstructed with muscle flaps in patients with a positive frozen examination.
Among patients who were operated for an initial diagnosis of non-melanotic tumor, the depth of excision for those with bone infiltration demonstrated by CT was extended to dura mater and reconstruction was carried out in the same session when intraoperative frozen examination revealed dura mater infiltration. Patients with brain parenchymal infiltration were considered inoperable and consulted with neurosurgery and medical oncology department for adjuvant therapy. A complete tumor clearance from surgical borders was considered a prerequisite for planning reconstruction in both groups.
All patients having a macroscopically visible tumor underwent a CT for dura mater invasion and/or bone invasion. Each patient with dura mater or bone invasion was consulted with the Neurosurgery Department of our hospital and the operation was performed jointly with a team from that department.
RESULTS
This study examined 43 patients with extensive local nonmelanotic malignant tumor in forehead and scalp. The distribution of non-melanotic malignant tumor localization was as follows: 15 tumors in forehead (frontal) (Figures 1-4) , 13 in temporal region ( Figure 5 ), 4 in parietal region ( Figures  6,7) , 5 in occipital region, and 6 in vertex (Table I) . Twentyseven patients had squamous cell carcinoma (SCC) and 16 had basal cell carcinoma (BCC) ( Table I) . To rule out bone invasion the patients were examined with a preoperative CT that showed bone invasion in 10 patients. All patients were applied reconstruction in the same session. Reconstruction included a partial thickness skin graft in 13 patients, a local flap in 18, a distant flap in 7, and a free flap in 5 (Table II) .
Analysis of the demographic properties of the patients revealed that 17 female and 26 male patients were operated. The mean age of the patient population was 62.4 years
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(48-87 years). A review of the working conditions of the patients showed that 17 patients were farmers and 11 were construction workers who had been exposed to a high level of sunlight. Other 15 patients had jobs with no sunlight exposure.
Periosteum was included in the excision material and sent for frozen examination together with bone biopsy samples in 33 patients who had no bone invasion on computed tomography and were operated. Among these patients, 2 underwent bone resection owing to positive bone invasion. Reconstruction was performed in the same session in all of the 33 patients who were operated. In 13 of them, surfaces of the cranial bones were trimmed and reconstructed with a partial thickness skin graft to allow granulation tissue to grow. A flap reconstruction was carried out in 18 patients. Reconstruction with a distant flap (trapezius muscle flap) was done in 2 patients with bone invasion that was not detected by CT but confirmed by frozen examination. 
graft) was applied (Figures 8-11) . The patient was then consulted with the medical oncology department and transferred to the radiation oncology department for adjuvant therapy.
Fifteen of 18 patients undergoing reconstruction with a partial thickness skin graft experienced no complications while 2 developed graft lysis and 1 developed a hematoma under the graft. Three patients in whom a complication emerged were re-operated and the same treatment was administered. No complication occurred in 16 of 18 patients in whom a local flap was used while 2 patients developed a hematoma that was evacuated and flap loss was averted. No flap loss was observed in 7 patients with distant flap application while 6 patients developed a seroma formation in trapezius muscle flap donor area. At the end of an approximately 2-week followup period, all donor areas completely improved without a complication. Postoperative venous thrombosis was
In 10 patients who had bone invasion demonstrated by CT and were then operated, pathology samples taken from dura mater after bone resection were sent for frozen examination. Five of them revealed no dura mater invasion whereas 4 showed dura mater invasion and one showed parenchymal invasion. All patients were applied duraplasty with a tensor fascia lata graft by neurosurgery team and 3 of 5 patients with no dura mater invasion were reconstructed with a distant flap (trapezius muscle flap) and 2 with a free flap (2 latissimus dorsi muscle flap). Two of 4 patients with dura mater invasion underwent distant flap (trapezius muscle flap) reconstruction and 2 underwent free flap (1 radial forearm muscle flap, 1 latissimus dorsi muscle flap) reconstruction after duraplasty. One patient with dura mater invasion had macroscopically and tomographically evident parenchymal invasion. In that patient, bone excision and duraplasty were performed in addition to excision of ulcerated lesion, and a reconstruction using a free tissue flap (latissimus dorsi musculocutaneous Routine follow-up appointments were begun after operations. None of 43 patients enrolled in the study experienced a major complication from the operation. One patient with brain parenchyma invasion was lost at postoperative 13 th month. Three operated patients developed local recurrences and 2 developed a secondary tumor in another location of forehead or scalp. Necessary operations were scheduled and the patients were re-operated. The patients were followed for an average duration of 60 months (13 months to 96 months).
DISCUSSION
Scalp and forehead reconstruction appear relatively simple at initial admission; however, they become complicated due to previous radiotherapy sessions, presence of cranioplasty, or presence of non-vascularized bone secondary to craniotomy. Defects frequently develop arise to oncological resections, trauma, electric burns, infection, and radiotherapy. The main factors determining the reconstruction options are defect size and localization, periosteal thickness, and the remaining scalp tissue. An ideal reconstruction option should be durable and resistant against conditions like postoperative wound dehiscence. In addition, it should only minimally affect the hairline, alopecia areas, and direction of hair follicles.
While small, partial thickness defects are allowed to heal secondarily, large defects with exposed dura and parenchyma should be repaired with free flap reconstruction. As a general rule, defects smaller than 3 cm 2 can be closed primarily while defects with a size of 3-6 cm 2 can be reconstructed with local follicles. In our study, latissimus dorsi musculocutaneous flap was used in patients with craniotomy defects.
Craniectomy is performed when SCC-or BCC-induced cranium invasion occurs. Craniectomy defect is not reconstructed until surgical margins are reported by pathology department (11) . Dura is covered with local or distant flaps. The Neurosurgery team closed the craniectomy defect with implants or bone graft after excision margin is reported negative (11) . Dural excision and duraplasty either with galea or superficial temporal fascia are performed in cases where bone and dural invasion accompany clinical picture. The region of duraplasty should be reconstructed with musculocutaneous flaps whenever possible if bone reconstruction is not contemplated in this region.
CONCLUSION
Various techniques are used for reconstruction of scalp and forehead region following resection of non-melanoma skin tumors. In order to accomplish satisfactory results, these patients have to be carefully assessed with specific parameters while performing the reconstruction of the defect and reconstruction should be planned.
In the cases with dura mater and bone invasion of the tumor, recurrence rates are fairly high. For this reason, in such cases excision margins should be wide and reconstruction is achieved with free tissue transfers. Patients with local invasion may need adjuvant radiotherapy postoperatively and reconstruction with free flaps are reliable in prevention of the possible comorbid problems due to radiotherapy.
In conclusion, reconstruction of the defects in the scalp and forehead region caused by non-melanoma malign tumor resection require multidisciplinary approach, due to possible complications that can occur during or following the surgery. Multidisciplinary approach is needed and the whole treatment should be managed with the neurosurgical team, radiation oncologists and medical oncologists (11 with free flaps (8, 15) . In addition to size-based treatment selection, reconstruction with a free flap should be preferred in postsurgical composite tissue losses. As the scalp is a nonflexible region, the flap length can be adjusted with galeal scoring when the planned flaps fail to cover the defect.
Blood supply of scalp is an important factor particularly for flap planning. Thus, previous operations and the status of superficial temporal artery, occipital artery, posterior auricular artery, and supratrochlear and supraorbital arteries should be taken into account during preoperative assessment. Vascularity is important for local flap selection. Furthermore, free flap is used for recipient vessel and takes an important place in planning.
Forehead reconstruction is similar to scalp reconstruction. An aesthetic look is an important concern in this region, and care should be taken not to distort eyebrow lines and hairline starting from frontal region. Women have a straight frontal hair line while men have a straight frontal hair line that turns into a convex line in temporal area. Eyebrows are located over the supraorbital rim medially in both women and men, and terminate at the level of lateral cantus as a straight line in men. In women, eyebrows start medially, peak at the level of lateral limbus, and terminate at the level of lateral cantus. A primary closure should be as parallel to horizontal forehead line as possible (10,14,17), and care should be taken not to cause eyebrow and upper eyelid distortion. A vertical closure can also sometimes be used to minimize eyebrow distortion. Forehead defects can be closed with local flaps or tissue expansion up to 40-50% of time. Again, a supratrochlear and supraorbital artery-based paramedian forehead flap is among primary local closure options. Superficial temporal fascia flap and temporal muscle flap are also commonly preferred due to their proximity to forehead (17) .
Tissue expansion, similarly in scalp and forehead, is commonly used for obtaining a large tissue when a single-session closure is not needed.
Patients, having large tissue defects, without bone infiltration but with systemic disorders hampering free flap operation underwent upper cortex decortication followed by reconstruction with partial thickness skin graft.
Free tissue transfer is usually preferred in cases where defect size is larger than 9 cm 2 , and deperiosted bone, dura mater, or parenchyma is exposed at the floor. It is commonly used in large defects of forehead. Since forehead skin is thinner and constitutes an important aesthetic unit, thin fasciocutaneous flaps such as radial forearm or lateral arm are frequently preferred (14) . In scalp, on the other hand, free flap options are more in number based on defect size and predicted aesthetic benefits. Musculocutaneous flaps like latissimus dorsi and rectus abdominis are preferred in craniotomy defects while fasciocutaneous flaps provide a better aesthetic look in noncomposite defects. In scalp reconstruction, the disadvantage of free flaps is that they contain insufficient amount of hair
